This study reports that ionic liquid mediated Elaeis. guineensis (oil palm) leaves extract can be used for reduction of gold precursor to obtain stable gold nanoparticles (AuNPs). E. guineensis leaf extract was prepared by using a mixture of distilled water and 2% aq. ionic liquid (1-Ethyl-3-methylimidazolium chloride) as solvents. UV-vis spectra of reaction medium showed surface plasmon resonance (SPR) peak (λ max ) at 539-557 nm confirm formation of gold nanoparticles. λ max was blue shifted toward 539 nm with increase in volume extract up to 0.60 ml while further addition of extract in the reaction medium resulted in red shifting of SPR band. Emim chloride functioned as a capping agent and results in synthesis of small size gold nanoparticles. TEM image analysis confirmed that average particles size of gold nanoparticles was 20.09±12.36 nm synthesized with an aqueous solution containing 2% Emim chloride as compared to average particle size of 39.60±13.63 nm when only distilled water was used as solvent for extraction of oil palm leaves. FTIR spectra analysis of the extracts identified presence of phenolic, carboxylic and amide groups that play important roles in reduction of gold precursor.
Introduction
Synthesis of gold nanoparticles (AuNPs) has gained special interests among researchers due to their distinctive features and applications in specialized fields such as optics, catalysis and biology properties [1, 2] . AuNPs have been successfully utilized in medical diagnostic applications for their unique ability to conjugate with large protein molecules cell [3, 4] . Various physical and chemical methods are traditionally used for synthesis of gold nanoparticles. Surfactants, polymers, starch, dendrimers and lipids are used as stabilizers of metal nanoparticles applications [5] . However, AuNPs prepared by these methods are unsuitable for medical applications due to high cost and toxicity of chemicals which are used as reducing and stabilizing agents [6, 7] .
A number of research papers were published in the last decade on plant extract mediated synthesis of metal nanoparticles with shape, size and stability that are suitable for biological and medical applications [8] . Aqueous plant extracts contain nontoxic and biocompatible phytochemicals that can effectively reduce gold ions to nanoparticles with controllable size and stability [1, 9] .
Ionic liquids (ILs) are used as stabilizers to enhance stability of gold nanoparticles that are synthesized using sodium borohydride and tri-sodium citrate as reducing agents [10] [11] [12] . IL stabilized AuNPs with 20 nm mean diameter and spherical shape are stable due to presence of ILs on the surface of nanoparticles [13] .
ILs possess superior extraction efficiency for many biofunctional groups like polyphenol, alkaloids, flavonoids and proteins [14] which act as active reducing agents during synthesis of gold nanoparticles [2, 15] . An aqueous medium containing ionic liquid extracts higher proportions of flavonoids and phytochemicals from biowaste materials compared to water, alcohol, acetone or ether [16, 17] . 1-alkyl,3-imidazolium bromide, chloride and tetraboron are common cationic and anionic groups used for extraction of biocompounds [14] . Both cationic and anionic parts of ionic liquids enhance extraction efficiency and exert strong impacts on stability and morphology of nanoparticles. Anionic groups of ionic liquid are more dominant than cationic groups for controlling shape and size of nanoparticles [10] .
Aqueous extracts of oil palm leaves (OPL) contain several phytochemicals such as flavonoids, glycosides and polyphenols [18, 19] that have been used to synthesize gold nanoparticles. Spherical gold particles were synthesized using oil palm mill effluent [2] . In this study an aqueous mixture containing an ionic liquid (1-Ethyl-3-methylimidazolium chloride) was used for extraction of active biomolecules from Elaeis guineensis (oil palm) leaves which are abundantly available in Malaysia as biowaste materials. These biomolecules present in E.guineensis leaf extract are effective reducing agents of chloroauric acid (HAuCl 4 ) which is a precursor for synthesis of gold nanoparticles. In addition, experimental evidences indicate that IL present in extract helps to reduce the particles size of gold nanoparticle and impart long term stability to the synthesized gold nanoparticles.
Nomenclature
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Experimental

Materials and methods
500 mg gold (III) chloride hydrate ≥99.9% purity level (HAuCl 4 .3H 2 0) was procured from Sigma-Aldrich and 1-Ethyl-3-methylimidazolium chloride (Emim Cl) ≥98% purity was purchased from Merck. Oil palm leaves (OPL) were collected from Felcra Berhad Nasaruddin oil palm plantation located in Bota, Perak, Malaysia.
Preparation of leave extract
Fresh oil palm leaves were collected, sundried for one weak followed by oven drying at 70 °C for 12 hours. Dried leaves were grinded to fine powder using IKA ® grinder with 0.25 mm sieve. 2% aqueous Emim Cl solution was prepared by adding 2 gram of IL in 100 ml of distilled water. 5 grams of dried leaves powder were dissolved in 2% aqueous solution of Emim chloride and stirred for 1 minute. This mixture was heated at 70 °C for 10 minutes to get the leaves extract. The resulting solution was filtered using Whatman No.1 filter paper and stored at 4°C for further use.
Synthesis of gold nanoparticles
1 ml of 2.28 mM gold solution, diluted with 5 ml of distilled water, was heated at 70 °C followed by dropwise addition of 0.40 ml of leaves extract. The mixture was continuously stirred at 500 rpm using a magnetic stirrer. The solution turned from pale yellow to light purple colour after 21 min and colour intensity of the gold solution increased continuously with time. Colour of solution was dark purple after 30 minutes of heating. Effect of volume of extract on reduction rate was recorded by changing the volume of extract addition to reaction medium from 0.20 ml to 2 ml.
Characterization of gold nanoparticles
The synthesized gold nanoparticles were characterized using a Perkin Elmer Lambda 25 UV-Visible (UV-Vis) spectrophotometer for absorbance and maximum peak wavelength. Size of particles was determined by Zeiss Libra 200 TEM while size distribution of gold nanoparticles and zeta potential was measured by dynamic light scattering (DLS) analysis technique using Malvern, Zetasizer Nano ZSP. FTIR spectrum was recorded before and after reduction reaction using Zeiss Supra 55 CP FTIR spectrophotometer to identify the active biomolecules responsible for reduction of gold ions.
Results and discussions
Change of colour of the reaction medium from pale yellow to light purple is the first physical indication about formation of AuNPs due to excitation of electrons in gold nanoparticles. As the reaction progresses with time, more gold ions are converted into gold nanoparticles and colour of the gold solution becomes more dense and intense. UV-vis spectrophotometer was used to record absorbance after 30 minutes and λ max of reaction mixture in the 700 nm to 400 nm range. λ max was observed at 540 nm with no other peaks in this region indicating formation of monodispersed gold nanoparticles in the reaction medium.
Effect of volume of extract on synthesis of AuNPs
Different volumes of extracts ranging from 0.20 ml to 2 ml were used to observe their effect on AuNP synthesis by dropwise addition into 1 ml of 2.28 mM gold solution diluted with 5 ml distilled water. It was observed that increase of extract volume results in increase of absorbance of the AuNP solution measured by UV-vis spectrophotometer (Fig. 1) . Change in colour of solution was appeared after 27, 21, 17, 14, 13 and 10 minutes using 0.20, 0.40, 0.60, 0.80, 1 and 2 ml of extract respectively. Colour of the solution also changed from ruby purple to deep purple with increase in volume of extract. Similar observations were reported for AuNP synthesis using Sesbania grandiflora leaf extract [20] .
Absorbance of reaction medium increased from 0.86 A to 1.34 A up to addition of 1 ml of extract and became constant thereafter when higher volume of extract (up to 2 ml) was added to the reaction medium (Fig. 1) . SPR band became sharper and λ max was blue shifted from 546 nm to 539 nm when volume of extract was increased from 0.20 ml to 0.60 ml (Fig. 2) . This blue shifting of λ max indicating more formation of small nanoparticles [21] . Any further addition in extract quantity resulted in red shift of SPR band up to 557 nm showing an increase in particle size [20, 22] due to changes in dielectric properties of surrounding layer covers the surface of nanoparticles that was also observed during bio synthesis with olive leaf extract [21] .
TEM analysis of AuNPs
Morphology of gold nanoparticles was studied using TEM image analysis which revealed that the majority of the synthesized AuNPs were spherical in shape with narrow size distribution. Trigonal, pentagonal and some irregular shaped particles were also observed. OPL extract was also prepared in distilled water without addition of any Emim chloride and was used to synthesize gold nanoparticles to evaluate the effect of ionic liquid on size of AuNPs. TEM image analysis confirmed that Emim chloride reduced particles size from 39.60 nm to 20.09 nm indicating its tendency to work as capping agent (Fig. 3) . Particle size synthesized using Emim chloride was in range of 7.2 nm to 39.36 nm with an average particle diameter of 20.09 nm. On higher magnification it was observed that particles have a thin layer of ionic liquids on their surfaces and thus played its role to increase stability (Fig. 3) . This layer of biomoieties, mostly flavonoids, were originally present in oil palm leaves extract [20] . AuNPs synthesized by OPL extract using distilled water only showed wide range of distribution with average diameters of 39.60 nm (Fig.  4) . 
DLS & Zeta potential
Particle size distribution was determined by DLS technique and hydrodynamic particle diameter of gold nanoparticles was measured as 55.76±0.35 nm (Fig. 5a ). Particles size measured by DLS is higher than TEM image analysis might be due to capping of ionic liquids along with other organic moieties. Surface charge of AuNPs prepared in presence of Emin chloride was -14.9±0.15 mV indicating stability of gold solution [23] as shown in Fig. 5b. 
FTIR analysis
FTIR analysis of OPL extracts before and after reaction with gold precursor indicated involvement of active biomolecules in reduction of gold ions (AuCl 4 -) to gold nanoparticles. FTIR spectrum showed significant stretching-frequency shifting around 3435 cm -1 indicating presence of OH group that was derived from polyphenolic compounds. Reduction in band intensity observed in the region of 698 cm -1 and 1639 cm -1 indicated presence of aromatic C-H bending, amide of polypeptides and stretching of carboxylate groups in amino acids groups of protein molecules (Fig. 6 ). These protein molecules are reported to cap the surface of AuNPs providing long term stability and reduce agglomeration of particles [24] . 
Conclusion
Stable gold nanoparticles were synthesized using oil palm leaves extract in presence of Emim chloride. Using Emim chloride average AuNP particle size was 20.06 nm and these were smaller than AuNPs prepared with aqueous OPL extract. Emim chloride capped the surface of gold nanoparticles and increased stability at room temperature. High value of zeta potential (-14.9 mV) confirms stability of AuNPs in presence of Emin chloride. Volume of extract showed significant impact on rate of reduction and surface plasmon resonance band moved to lower wavelength (blue shifted) up to 0.6 ml added extract and thereafter red shifted on increase in volume of extract. FTIR analysis confirms presence of polyphenolic and amide groups that are involved in reduction of gold precursor.
